The main objective of this study was to assess the phenotypic variability of the ejaculate volume (VOL) and progressive sperm motility (MO) under the influence of breed, boar within breed and season. The study included 555 ejaculates of Danish Landrace (DL), Danish Large White (DLW) and Danish Duroc (DD) boars. The effect of boar was analyzed within the investigated breeds. The impact of the season was investigated as the influence of the month in which the ejaculate was taken. The model included a linear regression effect of boar age when the semen was taken. Data analysis was performed using the statistical package SAS 9.1.3 (SAS Inst. Inc.., 2002 -2003 . Impact assessment was carried out using the GLM procedure. The impact of all factors analyzed in both sperm traits was significant to highly significant, and the observed factors largely explain the phenotypic variability VOL compared to MO. The highest values were found in VOL of DL boar (3:58 ± 164.96 ml), and the MO of boar breed DLW (85.45 ± 0.94%). Boars DD had VOL and MO below the averages of all analyzed breeds. Between boars within studied genotypes differences were established (p <0.05, p <0.05, p <0.01 p <0.001) and a boar of DLW breed compared to all tested boars had the highest volume of ejaculate sperm with progressive motility of 90.47%. Volume, or mobility varied (p <0.01 or p <0.05) influenced by season, and in September and October boars had ejaculates with the VOL values above average and the lowest MO. Since most VOL and MO above the annual average in June, it was possible to get the highest number of doses per ejaculate with optimal reproductive/fertile ability.
Introduction
When speaking of the reproductive efficiency in swine production, one of the critical points is the knowledge of boar fertility. Success in implementing the technology of artificial insemination depends on the identification and selection of boars whose reproductive performance, evaluated on the basis of libido, performance in insemination and semen quality, are above average (Okere et al., 2005) .
Fertility of boars can be seen through various quantitative and qualitative characteristics of sperm that determine its fertile ability. To produce high quality sperm of high genetic merit is the most important goal for artificial insemination centres (Frangež et al., 2005) . Control of qualitative and quantitative traits of boar semen has great economic importance for pig breeders (Smital, 2010) .
Ejaculate volume and progressive motility of sperm are important characteristics that determine the number of doses produced per ejaculate and reproductive ability of sperm. Estimated sperm motility is the most important parameter of sperm (Kunowska-Slósarz and Makowski 2011) . Precise determination of volume, concentration and the percentage of live sperm is very important for the assessment of the maximum dilution of sperm that can be used for artificial insemination, and the number of sows that can be inseminated (Kanokwan, 2011) .
Production of sperm varies throughout the year and depends on various endogenous and exogenous factors (Kondracki et al., 2009) . The variability of these traits is influenced by breed, season, age of boar when the ejaculate was taken, the frequency of use of boars and other factors (Stančić et al., 2003 Frangež et al., 2005 Okere et al., 2005; Wolf and Smital, 2009 ; Smital and Wolf, 2009b; Smital, 2010) . Research results of Kunowska-Slósarz and Makowska (2011) showed a significant effect of season and breed on the volume, concentration and number of live sperm in boar ejaculates.
The aim of this study was to determine how breed, season and age of boars affect the phenotypic variability of ejaculate volume and progressive motility of sperm.
Material and methods
The study included a total of 555 ejaculates from 10 boars. Table 1 shows the structure of the data set according to analyzed breeds. The data on the volume of ejaculate (VOL, ml) and progressive sperm motility (MO, %) of boars was used. Ejaculate volume was measured with an accuracy of ± 10 ml, and assessment of progressive sperm motility was performed by a subjective method, observing native sperm sample under a microscope with a standard magnification (visual score). When it comes to the MO, there were no limits, so the research included all MO values from 0 to 100%. Boars with less than five ejaculates were excluded from the analysis, the average number of ejaculates per boar was 55.50. The effect of boar was analyzed within the investigated breeds. The impact of the season was seen as the influence of the month in which the sperm is taken.
Data analysis was performed using the statistical package SAS 9.1.3 (SAS Inst. Inc.., 2002 -2003 . Impact assessment was carried out using the GLM procedure. We used the following mathematical-statistical model: defined. x ijkl ) -linear regression effect of the age of boar when ejaculate was taken and ε ijkl -random error. Testing (comparing) of differences in LSMean values was done using the t-test. Table 2 presents the basic statistical parameters of analyzed sperm characteristics. The average volume of examined ejaculate was 156.11 ml, and the average progressive motility of spermatozoa was 84.22%. Ejaculate volume showed a greater absolute and relative variation (59.59 ml and 38.17%) compared with progressive sperm motility (15.30 ml and 18.17%). Among the observed characteristics of sperm correlation coefficient showed a weak positive correlation (0.365 ***). The average age of the boar when the ejaculate was taken was 628.58 days. The volume of ejaculate in this study was lower in comparison to the survey by Kunowska-Slósarz and Makowska (2011) , and the progressive motility was higher. Established progressive motility (84.22%) was higher compared to the survey by Stančić et al. (2003) , who obtained value of 78%, Frangež et al. (2005) who found values of 70.17 to 78.04% depending on the frequency of taking sperm. The reason for higher values of MO in this study may be due to the subjectivity in the visual assessment of sperm motility in the ejaculate.
Results and Discussion
The statistical significance of the factors included in the model are shown in Table 3 . All analyzed factors showed significant to highly significant impact on the observed properties of the sperm. The influence of breed on the VOL and MO was highly significant (F = 49.46 ***, F *** = 15:26), while the season had highly statistically significant, and significant effect on sperm traits (F = 2:54 and F ** = 1.99 *). Ejaculate volume and progressive motility of spermatozoa in the ejaculate varied among boars within the same breed (p <0.001). Linear regression effect of boars age on the VOL was highly significant (b = 0.0985 ***) and regression coefficients showed that with increasing age, ejaculate and VOL increased also. VOL increase with increasing age of boars may be explained by the increase in mass and size of the testes, resulting in increased production of sperm. From the biological point of view, one of the reasons for increasing sperm production is to increase the number of Sertoli cells in the testes (Kanokwan, 2011) . The regression coefficient for MO had a lower value (b = 0.0071 *), which indicates that as the age increases also MO increases, but compared to VOL, the dependence is significant at the level of 95%. There is a tendency of increase of ejaculate volume and progressive sperm motility with increasing age of the boar, which is similar to the conclusions made by Stančić et al. (2003) , Wolf and Smital (2009a) , Wolf and Smital (2009b) , Smital (2009) , Banaszewska and Kondracki (2012) .
The relevance of the observed factors indicate the need for continuing study of characteristics of boar sperm in selected pig populations, and taking appropriate steps to improve the properties or eliminating boars whose phenotypic traits of sperm are significantly below average. The calculated coefficients of determination showed that the analyzed effects to a greater extent explain the variability in ejaculate volume (R 2 = 0.511) compared to the progressive sperm motility (R 2 = 0.254). This research is partially consistent with the research of Šerniene et al. (2002) , as the above authors found that the seasons and the interaction of some factors had a significant effect on sperm motility. In contrast, breed and age of boars in studies of Šerniene et al. (2002) did not affect the variability of the characteristics of sperm. The results of our research on the impact of breed and season on VOL are similar to the research by Okere et al. (2005) , and when it comes to the variability of MO, there are differences because seasonal effects in the study of these authors were not significant. Comparing with the research of Kondracki et al. (2009) , the results of our study are similar, given that these authors found seasonal effects on the variability of the analyzed sperm characteristics. Age of boars showed a significant effect on sperm parameters (Smital, 2009) , so our results are consistent with the research of this author. This research is consistent with the results of Smital (2010) in which all studied effects showed a significant effect on all traits of sperm (p <0.001).
In Table 4 , LSMean values of boar semen according to the breeds included in the study, are presented. The values of VOL and MO in fertile breeds (DL and DLW) were above average. The largest volume of ejaculate was found in boars of breed DL (164.96 ml), and the lowest in breed DD (102.55 ml). The differences in the mean values of VOL between boar breeds DD and DL (62.41 ml), DD and DLW (61.34 ml) were statistically highly significant (p <0.001).
Boars of breed DLW had the highest progressive sperm motility (85.45 ± 0.94%). In contrast to these, the least progressive motility of spermatozoa in the ejaculate had DD boars (74.03 ± 1.83%). The difference between the mean values of MO in boars DLW and DL (1.22%) was not statistically significant (p> 0,05). Boars of breeds DLW and DL had the higher mean sperm motility (+11.42% and +10.20%) compared to boars of DD breed. The differences were very highly significant Contrary to the present study, Banaszewski and Kondracki (2012) found higher values of ejaculate volume in the studied breeds of boars (from 162.75 ± 50.52 to 268.79 ± 88.06 ml). The low value of the ejaculate volume of Duroc breed boars (102.55 ± 5.77 ml) found in this study is consistent with research by Stančić et al. (2003: 191 mL) , Wolf and Smital (2009b; 200 ml) , and Banaszewski and Kondracki (2012; 162.75 ml) . They found lower values of ejaculate volume in boars of Duroc breed compared to other breeds, but in our study, the mean value is lower. Unlike research by Okere et al. (2005) , which determined the Yorkshire boars superiority compared to Landrace boars, in our study, differences in phenotypic values of VOL and MO between DL and DLW were not significant (p> 0,05). The results of this study are similar to research of Smital and Wolf (2009) who found slight difference between the breeds, where Czech Landrace had a larger volume of ejaculate, but all other traits of sperm had higher values in the Czech LW boars. The differences in sperm motility (p ≤ 0.01) in Polish Landrace compared to other tested breeds were determined in the study by KunowskaSlósarz and Makowska (2011) . Table 5 shows LSMean values of sperm traits per boars, and the significance of differences between boars within studied genotypes.
The volume of ejaculate of two DL boars was above the average of all tested boars, while the difference in MO between them was significant (p <0,05). The greatest VOL (from 115.39 to 196.36 ml) and MO (from 67.39 to 92.52%) variation interval was within the breed DLW. The differences between boars DLW were significant to highly significant, indicating that in the selected pig populations it is necessary to monitor properties of sperm, in order to receive per each ejaculate a maximum doses for insemination of optimal reproductive ability. Boar with identification number 1017 had the highest volume of ejaculate (196.36 ml) with high progressive motility (90.47%). Comparison with the boar number 926, which had the ejaculates with the highest value of MO (92.52%), the differences in mean values of MO (2.05%) was not significant, but the VOL of ejaculates in boar 1017 was significantly higher (+37.76 ml, p <0.001). Given the high mobility of sperm and determined differences of ejaculates, the boar with identification number 1017 can get the greatest number of doses for artificial insemination of optimal fertile ability. Boars DD had values below the average sperm characteristics, and differences in the VOL were highly significant (p <0.001).
Effect of season on semen characteristics observed is shown in Table 6 . If the value of ejaculate volume during the year is analyzed, the highest value was in the month of June (166.03 ± 6.60 ml), while the lowest VOL was during the month of May (137.97 ± 6.74 ml). Lower values of VOL, below the annual average (151.84 ± 02.15 ml) can be observed in January-May Low values during winter may be due to the negative impact of low temperatures in the facilities where boars are kept. At the same time the ejaculate mobility was above average.
September and October are characterized with semen ejaculate volumes above average, but the lowest progressive motility. In September and October spematozoid progressive motility was the lowest (78.47 and 78.63%), which can be explained as a result of the high temperatures during the summer period and the occurrence of chronic stress caused by the stress factor during the autumn period.
In the subsequent months a trend of gradual increase can be observed and overcoming of the consequences of heat stress. September and October are characterized with semen ejaculate volumes above average, but the lowest progressive motility. In September and October spematozoid progressive motility was the lowest (78.47 and 78.63%), which can be explained as a result of the high temperatures during the summer period and the occurrence of chronic stress caused by the stress factor during the autumn period. In the subsequent months a trend of gradual increase can be observed and overcoming of the consequences of heat stress.
The results of comparisons between months are shown in Table 7 . VOL was the highest during the month of June, and the differences with respect to all months with lower values of VOL (January-May) were significant to highly significant. Since the highest VOL and MO are above the annual average in June, it was possible to get the highest number of doses per ejaculate with optimal reproductive ability. In comparison to other months the differences were not statistically significant. Comparing the months September and October, when the lowest values of MO were determined, with a period of higher values of MO (December-June), the differences were significant to highly significant. If VOL is compared, the results of this study are similar to investigations by Okere et al. (2005) , Kondracki et al. (2009), Wolf and Smital (2009) , which have established in the spring, the lowest volume of ejaculate in the investigated breeds. Comparing the results of Kunowska-Slósarz and Makowska (2011) , the results of this study are partly similar, given that in the study of these authors in the period January-June, VOL value below the annual average and above-average values from August to December were established, while for MO, the lowest values were established in the October-December period and June-July period and a maximum in January-May and August-September. In the study by Šerniene et al. (2002) , the highest motility was found during autumn and winter (84.55 and 85.79%) and lowest during summer (78.48%), so that the results of this study are partially similar to the results of the present study. Reduced sperm motility in this study in September and October, is partially similar to the results of research by Stančić et al. (2003) since in the study of these authors progressive motility was the lowest in the October-December period (75%), and highest in July-September (86%).
Conclusion
Ejaculate volume and sperm progressive motility are important characteristics that determine the number of doses produced per ejaculate and reproductive ability of sperm. Both sperm characteristics vary significantly to the highly significantly under the influence of breed, boar within breed and season. Linear regression coefficients indicate that as the age of the boar when the ejaculate is taken increases, VOL (b = 0.0985, p <0.001) and MO (b = 0.0071, p <0,05) increase. The analyzed factors largely explain the variability of VOL compared to MO.
There are differences between the breeds in terms of phenotypic values of both sperm traits analyzed and also significant differences (p <0.001) between fertile breed (DL and DLW) compared to the very meaty breed DD were established.
Both observed properties of sperm varied under the influence of boar within studied genotypes, and there were differences (P> 0.05, p <0.05, p <0.01 p <0.001), indicating that in the selected swine populations sperm characteristics should be monitored in order to get as many insemination doses with optimal reproductive ability per ejaculate.
Effect of season on the VOL was highly significant (p <0.01), while the MO statistically significantly varied under the influence of the same factor. In September and October, semen samples had values of VOL above average, but the lowest progressive motility. Low values of MO in this period are due to the high temperatures during the summer period and the occurrence of chronic stress. This indicates the need for adequate microclimate conditions in the facilities where boars are kept, so that the temperature fluctuations during the year could be reduced to a minimum.
